Objective: The current study aimed to assess current broad traumatic brain injury (TBI)-related knowledge in the general public, as well as understanding regarding specific TBI-related conditions including post-concussive syndrome (PCS) and chronic traumatic encephalopathy (CTE). Methods: Data were collected from 307 domestic and 73 international individuals via online researcher-developed survey instrumentation utilizing the Amazon Mechanical Turk marketplace, a recently developed website that allows for a streamlined process of survey-based participant recruitment and data collection. Participants completed background demographics questions, a 31-item true/false questionnaire pertaining to TBI-related knowledge, and an inquiry related to willingness to allow (future) child(ren) to participate in several popular U.S. sports. Results: The overall accuracy rate of our U.S. sample was 61%. No accuracy differences were present for gender or geographic region (p's > .05). Participants who self-reported a prior concussion diagnosis, who reported receiving formal concussion training, and who endorsed participation in collegiate, semi-professional, or professional athletic competition, all exhibited lower accuracy rates than the respective comparison groups (p's < .001). Finally, individual item analysis revealed the presence of significant misconceptions pertaining to PCS and CTE. Conclusions: Misconceptions regarding TBI remain highly prevalent within the general public and may be explained, to some extent, by inefficiencies in current TBI-education practices. Moreover, misconceptions regarding PCS and CTE are also prevalent and likely reflect inconsistencies in the scientific literature, coupled with misleading media reports. To combat these trends, greater emphasis must be placed on construct definition within the field and streamlined, efficient communication with the general public.
Introduction
A traumatic brain injury (TBI) is a potentially debilitating injury (Faul, Xu, Wald, & Coronado, 2010; Hyder, Wunderlich, Puvanachandra, Gururaj, & Kobusingye, 2007; Langlois, Rutland-Brown, & Thomas, 2004; Langlois, Rutland-Brown, & Wald, 2006; Santiago, Oh, Dash, Holcomb, & Wade, 2012) , defined as an alteration of neural functioning resulting from an outside force, generally either a direct affect or acceleration/deceleration, which acts upon the brain (Lezak, Howieson, Bigler, & Tranel, 2012) . TBIs are further classified as either closed head injuries, referring to blunt trauma in which the meningeal covering the brain is not breached, or open head injuries, in which the skull and underlying membranes are penetrated by a foreign object (Lezak et al., 2012) . U.S. population-based investigations from the Center for Disease Control estimate an annual TBI incidence approaching 2 million people and further report that TBIs account for approximately 1.4 million emergency room visits, 275,000 hospital admissions, and 52,000 deaths each year (Faul et al., 2010) . Approximately 80,000-90,000 of these individuals will suffer permanent disability (Langlois et al., 2004) and the resultant personal and societal costs are high, with some estimates suggesting that between 9 and 10 billion dollars is spent on health care needs related to TBI on an annual basis in the United States (Sivanandam & Thakur, 2012) .
Commonly cited prevalence rates such as those listed previously have been repeatedly interpreted as underestimating the true incidence of TBI, given that many mild TBIs (mTBIs) go unreported. This may be due in part to the lack of inclusion of both sport and combat injury data, as well as outpatients in state and federal surveillance systems, in epidemiological studies (Langlois et al., 2006) . Moreover, many individuals who sustain mTBIs simply do not seek out medical care of any kind and are therefore unaccounted for in prevalence estimates (McCrea, 2008) . Adjustments for such issues lead to a projected incidence rate of approximately 600 per 100,000 adults sustaining mTBIs per year (Cassidy et al., 2004) . Despite such high prevalence of all-severity TBI, misconceptions regarding the definition, as well as both short and long-term health effects, are common, especially in individuals without formal health care training (Gouvier, Prestholdt, & Warner, 1988; Guilmette, & Paglia, 2004; Hux, Schram, & Goeken, 2006; McKinlay, Bishop, & McLellan, 2011; Willer, Johnson, Rempel, & Linn, 1993) . Therefore, the current study aims to assess current broad TBI-related knowledge in the general public, as well as understanding regarding specific TBI-related conditions including post-concussive syndrome (PCS) and chronic traumatic encephalopathy (CTE).
Attempting to characterize the prevalence of TBI-related misconceptions in the layperson is not a novel endeavor. Indeed, several empirical investigations of this matter have been conducted in the last 30 years. The earliest attempt to characterize these gaps in knowledge was performed by Gouvier and colleagues (1988) by administering a researcher-created survey assessing domains of unconsciousness, amnesia, brain damage, and recovery, to 221 individuals at a regional shopping mall in the greater southern Louisiana area. For each statement, participants indicated their overall level of agreement or disagreement on a 4-point Likert scale. Results revealed a number of striking misconceptions in this sample; for example, within the topic area of unconsciousness 44.5% of total responses represented endorsements of misconceptions, including 41% of participants indicating that persons who emerge from a coma can recognize and speak to others immediately upon awakening. Similar low accuracy rates were reported within topic areas of amnesia and recovery, with a total of 55% and 50% of responses being classified as incorrect, respectively. Particularly notable was an endorsement by 46% of individuals that a second blow to the head could reduce amnesia and restore lost memories. Finally, the topic area of brain damage exhibited the lowest misconception rates, with 25.2% of participants responding inaccurately.
The report by Gouvier and colleagues (1988) has been replicated several times since its initial publication, with each subsequent study including notable alterations to the original survey instrument. Willer and colleagues (1993) sampled a total of 245 adults living in western New York who attended a health care pavilion, as well as 68 adults who agreed to participate while shopping at two malls in southern Ontario. The investigators' survey instrument was adopted from Gouvier and colleagues (1988) with significant alterations, as only 9 of the original 25 questions, judged by a group of independent neuropsychologists to be the most reflective of TBI knowledge, were included. Results were generally consistent with Gouvier and colleagues (1988) ; for example, significant proportions (38% and 40% in western New York and Ontario, respectively) of the sample endorsed the idea that a second blow to the head can help facilitate memory recovery. In contrast to Gouvier and colleagues (1988) , however, fewer individuals in Willer and colleagues (1993) endorsed the beliefs that (a) hard work can overcome the effects of brain injury and (b) an initial head injury leaves the individual more prone to subsequent injuries.
A second extension of Gouvier and colleagues (1988) was conducted by Guilmette and Paglia (2004) , who sampled 179 individuals at a department of motor vehicles office in Rhode Island. The survey questionnaire included 11 items from the original Gouvier and colleagues (1988) instrument, including the nine that were replicated by Willer and colleagues (1993) . Overall, misconception rates were generally consistent with both Gouvier and colleagues (1988) and Willer and colleagues (1993) . Finally, the most recent replication of the Gouvier and colleagues (1988) survey was performed by Hux and colleagues (2006) , who sampled a total of 318 individuals from local shopping malls in Lincoln, Nebraska and who used 17 of the original 25 survey questions. Again, results were generally consistent with the previous three studies with respect to overall TBI-related knowledge. A particularly striking misconception was evident in that 93.4% of participants endorsed the notion that an individual who has sustained a brain injury can have memory impairment so severe that he or she cannot recognize family members or remember past events, but can be normal in every other way.
Building off of these descriptive studies, a growing body of evidence highlights myths and misunderstandings pertaining to TBI in various U.S. sub-populations as well (see Ruff & Jamora, 2009 , for a relevant review). For example, Swift and Wilson (2001) found that medical professionals who do not specialize in brain injury hold many of the same misconceptions as the general public, especially regarding factors affecting recovery and the diversity of potential deficits. More recent evidence has shown that misconceptions extend to educators and rehabilitation staff workers (Farmer & Johnson-Gerard, 1997) , school-based speech pathologists (Hux, Walker, & Sanger, 1996) , nursing students (Ernst, Trice, Gilbert, & Potts, 2009) , speech language pathology graduate students (Evans, Hux, Chleboun, Goeken, & Deuel-Schram, 2009) , and United States Army behavioral health professions (Bradford, 2015) . Moreover, gaps in TBI-related knowledge have been identified within the international community as well (Chapman & Hudson, 2010; Linden & Boylan, 2010) , highlighting the significant breadth of many misconceptions.
Due to the continuing evolution of public perceptions, as well as several specific developments in recent years, updated estimates of TBI-related knowledge are warranted. Sport-related mTBIs are estimated to occur between 1.6 and 3.8 million times per year in the U.S. alone (Langlois et al., 2006) and, consequently, it is likely that these events cause a notable effect on large proportion of the U.S. population, either directly or indirectly. Indeed, sport-specific mTBIs have recently taken center stage in many media outlets due to disagreement pertaining to the possible negative long-term neurocognitive consequences of these injuries. Moreover, increased attention has been paid to controversial conditions such as CTE and PCS, the former of which is perceived to be associated with sport-induced head injuries.
With respect to CTE, debate has centered around elevated prevalence rates of depression, general cognitive decline, and clinical dementia occurring in retired professional athletes (De Beaumont et al., 2009; Guskiewicz, Ross, & Marshall, 2001; Guskiewicz et al., 2005 Guskiewicz et al., , 2007 . CTE, previously known as dementia pugilistica, is a rare and complex neurodegenerative disease which has recently been propelled to the forefront of the American football concussion controversy. CTE is characterized neuropathologically by a unique and abnormal deposition of tau and differs from Alzheimer's disease in that the beta-amyloid plaques that serve as a hallmark of Alzheimer's disease pathology are absent in CTE (Roberts, Allsop, & Bruton, 1990) . Moreover, the neurofibrillary degeneration in CTE is distinguished from other tauopathies by its irregular distribution within the frontal and temporal cortices and a propensity for sulcal depths (McKee et al., 2009) , leading multiple investigators to argue that CTE is a unique disease process, independent of other neurodegenerative conditions. Clinically, CTE manifests with a wide range of symptoms spanning deficits in cognition (e.g., attention, memory, and executive functioning), as well as behavioral disturbances (e.g., anger, social instability, and psychotic symptoms), anosognosia, and, eventually, overt clinical dementia (McKee et al., 2009 ). However, some research groups have argued that CTE has not yet been well characterized empirically or diagnostically (Hazrati et al., 2013; McCrory et al., 2013; Randolph, Karantzoulis, & Guskiewicz, 2013; Randolph, 2014) . Nevertheless, media outlets have frequently referred to CTE as a scientifically proven construct, whereas the research evidence has not yet provided convincing evidence of this assertion, likely facilitating significant misconceptions in the general public. Indeed, as the emphasis on CTE in a football population is still relatively novel, much of the empirical data have originated in case studies of deceased athletes, in which the disease is discovered post-mortem (Omalu et al., 2005 (Omalu et al., , 2006 . Although case studies serve important scientific and clinical functions, it is often very difficult to appropriately generalize findings from these investigations to the larger population due to the inherently small sample size as well as inherent biases and unique, unrepresentative characteristics (e.g., a retired professional athlete) of the individuals who are studied.
PCS is a controversial syndrome that can be broadly defined as the continuation of concussion-like symptoms beyond the anticipated neurophysiological and cognitive recovery period of 7-10 days (Iverson, Zasler, & Lange, 2007) . PCS is not well elucidated from a diagnostic standpoint, due in large part to the fact that it is comprised of non-specific symptoms such as headaches, fatigue, irritability, depression, anxiety, and neurocognitive inefficiencies. Indeed, Iverson et al. (2007) showed that significant proportions of individuals without any history of brain injury meet diagnostic criteria for PCS, further emphasizing the poor differential diagnostic ability of PCS symptomatology. Factors predictive of later PCS are diverse in scope and include premorbid psychiatric history, anxiety sensitivity, trauma-related symptoms, overall stress, pain-related syndromes such as fibromyalgia, neuroticism, and individual coping style (Broshek, De Marco, & Freeman, 2015; McCrea, 2008) . This makes it difficult to accurately estimate prevalence rates of PCS, with earlier reports suggesting that approximately 15% of mTBI patients later develop PCS (Alexander, 1995) , and later, more well-informed investigators adopting more conservative estimates of <5% or <1% prevalence of PCS in mTBI patients (McCrea, 2008) .
Several theoretical frameworks exist to explain the surprisingly inflated reports of PCS, of which the expectation as etiology (Mittenberg, DiGiulio, Perrin, & Bass, 1992 ) is especially popular and clinically applicable. The model suggests that, due to inaccurate expectations pertaining to prolonged recovery periods, many mTBI patients attribute a variety of common nonspecific symptoms (e.g., headaches and normative forgetfulness) to their remote head injuries, when, in reality, these experiences were frequently present premorbidly and/or are better explained by current psychosocial stress, possibly secondary to the traumatic incident itself (e.g., a motor vehicle accident leading to an mTBI as well as injuries to close relatives and concurrent financial problems). Indeed, several investigators have highlighted the importance of psychological factors in the development of PCS (Meares et al., 2011; Ponsford et al., 2012; Vanderploeg, Belanger, Curtiss, 2006) and Silverberg and Iverson (2011) have argued that, whereas neurobiological processes underlie the initial experience of an mTBI, a variety of psychological variables affect both early and chronic post-concussive symptoms, with engagement in litigation pertaining to the injury carrying the largest weight in terms of predicting later PCS (Binder, Rohling, & Larrabee, 1997) . McCrea (2008) concurred, stating that "the base of scientific evidence makes it very unlikely that PCS is a neurologic condition stemming from an mTBI," (p. 169). In addition to such psychological factors, variability in demographic factors inherent to the population of interest is likely to affect the likelihood of later PCS. For example, an important distinction can be made between postconcussive symptoms in athletes and such symptoms in non-athletes. Broshek and colleagues (2015) highlighted the fact that elite athletes are naturally incentivized to minimize or deny symptoms following a concussion, given the internal and external pressure to return to participation as soon as possible, whereas non-elite athletes and non-athletes are often at risk for overinterpreting post-concussive symptoms, thereby increasing the chance of PCS.
Given the limited geographic and demographic representativeness of previous attempts to characterize current TBI-related knowledge in the U.S. population, as well as recent sociopolitical developments in areas such as PCS and CTE, we believe that an updated survey of the public's general understanding of TBI is warranted. Consequently, the current study seeks to update the literature with regard to the prevalence of TBI misconceptions, as well as to establish a knowledge baseline for commonly held misconceptions concerning PCS and CTE. We hypothesize that misconceptions reported in previous studies on this topic (Gouvier et al., 1988; Guilmette & Paglia, 2004; Hux et al. 2006; Willer et al., 1993) will be evident in a large, representative U.S. sample, and that significant misconceptions pertaining to PCS and CTE will also exist, although we predict that the knowledgebase of individuals who self-report that they have (a) sustained at least one prior concussion, (b) received formal concussion training, or (c) participated in high-level (i.e., college or higher) athletic competition, will be greater than those who deny these characteristics.
Methods

Participants and Materials
The affiliate university's institutional review board approved all data collection procedures prior to enrollment of participants and completion of the study protocol. Data were collected via online survey instrumentation utilizing the Amazon Mechanical Turk (mTurk) marketplace. MTurk is a recently developed website that allows for a streamlined process of survey-based experimental design, participant recruitment, and data collection. MTurk participants have been found to be more diverse than both typical internet samples and university-recruited students in terms of geographic dispersion across the United States, gender, age, and race/ethnicity (Buhrmester, Kwang, & Gosling, 2011) . Moreover, a recent study showed that, when comparing mTurk, social media, and face-to-face behavioral testing, the mTurk procedure yielded participants that were more diverse across sociodemographic and ethnic variables and whose test results which were nearly indistinguishable when compared to those from other common data acquisition techniques (Casler, Bickel, & Hackett, 2013) . Research by Minton and colleagues (2013) additionally concluded that, when compared to other forms of marketing-based data collection, mTurk samples yielded acceptable psychometric properties. Finally, Sprouse (2011) provided further support for the validity of mTurk-acquired data, arguing that crucial indicators of data quality, including statistical power, distribution rates, and participant rejection rates, were nearly indistinguishable between collected mTurk and laboratory data samples. Overall, the use of MTurk in psychological studies has been shown to exhibit the potential to obtain high quality and scientifically valid data, both rapidly and inexpensively (Buhrmester et al., 2011; Casler et al., 2013; Minton et al., 2013; Sprouse, 2011) .
Participants in the current study included 307 domestic (i.e., living within the U.S.) individuals, as well as 73 international (i.e., living outside of the U.S.) individuals, all of whom completed an mTurk-based survey and who were compensated financially for participation. Our sample was 48.2% female with a mean age (±SD) of 32.99 ± 10.43 years (range = 18-71). A full characterization of our study sample, including all other relevant sociodemographic variables, is presented in Table 1 .
Procedure
Prior to item administration, participants were provided with an outline and rationale for the study within the mTurk interface. Voluntary completion of the survey instrument served as provision of informed consent. Next, all participants completed background demographic questions as well as a 31-item questionnaire designed to evaluate general knowledge regarding effects of and recovery from TBI, as well as concepts specific to PCS and CTE, administered in a true/false format.
A total of 16 questions were reproduced from the Gouvier and colleagues (1988) instrument (see Table 2 , items 1-8, 10-15, 19, and 29), which includes all questions assessed during subsequent replication studies by Willer and colleagues (1993) and Guilmette and Paglia (2004) , as well several previously unreplicated questions. Wording from three of the borrowed items (i.e., items 2, 4, and 15) was restructured in order to improve clarity, without significantly altering the item content.
Additionally, items 9 and 28 were borrowed from Guilmette and Paglia (2004) and three items (i.e., 16-18) were borrowed from the Rosenbaum Concussion Knowledge and Attitudes Survey (RoCKAS; Rosenbaum & Arnett, 2010) , which is a comprehensive assessment of attitudes towards and overall knowledge pertaining to TBI. The remaining items (i.e., 20-27 and 30-31) were generated by the three authors in order to assess for potential misconceptions relating to both PCS and CTE. Prior to inclusion in the survey, these additional items were evaluated for appropriate design and content by five independent, board-certified clinical neuropsychologists. Finally, a 32nd survey question, novel to the current study, was created to assess participants' willingness to allow either their current or future children to participate in various sports, given their current understanding of TBI.
The duration of the entire study protocol was approximately 5-10 minutes per participant and financial compensation was provided in the form of $0.25 transferred to the individual's account. According to recent data, the most frequent reward for survey completion across the mTurk interface was $0.05, which has increased from $0.01 over recent years (Difallah, Catasta, Demartini, Ipeirotis, & Cudré-Mauroux, 2015) . Thus, the compensation provided for current survey completion represents a 500% increase relative to normative mTurk procedures.
Statistical Analyses
For descriptive purposes, data were reported without adjustments for non-normality or outliers. Prior to conducting inferential parametric statistics (i.e., t-tests, ANOVAs, and Pearson product-moment correlations), we examined the distributions of our continuous variables to ensure that test assumptions were met. For this purpose, outliers were defined as cases with Z-scores of ± 3.29. With respect to overall accuracy rates, visual inspection of the histogram indicated that the data were normally distributed and no cases met the aforementioned criterion for outliers. In contrast, several outliers were present for the variables "years of education" and "estimated household income." In each case, prior to analysis, outliers were replaced with values equivalent to two standard deviations from the mean in the same direction as the outlier, consistent with accepted guidelines (Field, 2009 ). Moreover, the variable "approximate number of sustained concussions" included a total of three inconceivable values (35, 45, and 50 concussions reported), which were dropped from analyses. 
Results
Overall Accuracy
Collapsing across our 31 items, the overall accuracy rate of our U.S. sample was 61%, which is very similar to overall accuracy rates calculated from item-level data in previous reports (58% accuracy in Gouvier et al., 1988; 56% accuracy in Willer et al., 1993 ; 56% accuracy in Guilmette & Paglia, 2004; and 62% accuracy in Hux et al. 2006 ). The overall accuracy rate for our non-US sample was 56%, which was significantly lower than the reported rate for our U.S. sample, t(378) = 3.79, p < .001 (Table 2) , albeit with a small group difference (5%). All subsequent analyses pertaining to overall accuracy rates were conducted exclusively within our U.S. sample. We found no differences in accuracy when comparing males (60%) and females (62%). Moreover, with respect to self-identified geographic region, a one-way ANOVA showed no significant differences in overall accuracy, with the mean accuracy for individuals from the Midwest (61%), Northeast (60%), Southeast (61%), Southwest (60%), and West (63%) not differing from one another, F(4, 302) = 0.45, p = .78.
Counterintuitively, participants who self-reported that they had received a prior concussion diagnosis at some point in their lives had lower accuracy rates (58%) than those who did not (62%), t(305) = 3.49, p < .001. Similarly, those who indicated that they had received formal concussion training also performed slightly lower (56% accuracy) than those who did not (62% accuracy), t(305) = 4.17, p < .001. In terms of self-reported level of athletic competition (see Table 1 for frequencies), we collapsed the "College," "Semi-professional," and "Professional" categories, into a "College or more" group due to small cell sizes. The omnibus one-way ANOVA was significant, F(3, 303) = 18.60, p < .001, partial η 2 = .16. Follow-up comparisons using the Bonferroni correction showed that, surprisingly, accuracy rates for participants in the "College or more" category were significantly lower (54%) than those endorsing "Recreational" (64%), "High School" (63%), or "Not Applicable" (65%), p < .001, whereas the latter three groups did not differ from one another (all p's > .05). Finally, relationships between overall accuracy and age, years of education, estimated household income, and estimated number of prior concussions, were examined using Pearson product-moment correlation coefficients. Significant positive relationships were present for age (r = 0.24, p < .001), education (r = 0.12, p = .04), income (r = 0.13, p = .02) and a trend level negative relationship was found for number of prior concussions (r = −0.17, p = .09). These findings suggest that individuals who are older, welleducated, and who have higher incomes, may have more accurate concussion knowledge, whereas enduring more concussions over one's lifespan is associated with less accurate concussion knowledge, although all of these relationships represent small underlying effects.
Accuracy by Individual Items
Accuracy rates by group (U.S. versus non-US) are presented in Table 2 . We compared results from our U.S. sample to those presented in Gouvier and colleagues (1988) and Hux and colleagues (2006) , Fig. 1 , in order to gauge accuracy rates in individual items across time. In general, our sample performed similarly to those from previous reports, with several exceptions. Specifically, accuracy rates from items 5, 8, 9, and 12 all showed notable increases in our respondents, compared to previous reports, possibly suggesting that knowledge pertaining to (a) the relationship between effort in recovery and actual recovery (item 5), (b) increased prevalence of concussions following a previous head injury (item 8), (c) difficulty with learning after head injury (item 9), and (d) retrograde and post-traumatic amnesia (item 12) has increased across time. In contrast, accuracy rates for item 19 ("It is good advice to rest and remain inactive for at least a week during recovery") were significantly lower in our sample (14%) than in previous reports (approximately 36%-62%; Hux et al., 2006, Fig. 1 ), possibly suggesting that misinformation pertaining to post-concussive recovery time has been disseminated in recent years. The Figure presents updated accuracy rates across time in overlapping items from our survey in comparison to previous surveys.
Several other items exhibited notably low accuracy rates (defined as accuracy < 40%): items 2 (18%), 17 (32%), 22 (36%), 24 (11%), and 30 (38%). Item 2 pertains to knowledge regarding the acute effects of concussion and item 17 incorrectly asserts that neuroimaging is typically abnormal following concussions. Items 24 and 30 relate to CTE and item 22 pertains to the general definition of PCS. Next, we sought to determine if participants with self-reported concussion diagnoses and who self-reported receiving formalized concussion training demonstrated greater knowledge on CTE and PCS questions. Results of several Pearson's chi-square tests are presented in Table 3 and suggest that, overall, those without a history of a concussion diagnosis and without formalized concussion training were as likely to answer questions pertaining to CTE and PCS correctly as were those with concussion diagnoses and concussion training. Table 2 .
In light of our U.S. participants' current knowledge pertaining to concussions, we inquired as to their willingness to allow their (future) child(ren) to participate in several popular sports. Results showed the following endorsement rates for permitting participation: 50.3% in football, 46.6% in hockey, 32.6% in boxing/wrestling/martial arts, 73.2% in soccer, and 42.9% in lacrosse (Table 4) .
Discussion
The purpose of the current study was to characterize overall knowledge pertaining to the broad constructs of concussion and mTBI, as well as two specific sub-constructs that fall within the TBI umbrella-CTE and PCS-in a large, geographically representative sample of individuals residing in the U.S. Several noteworthy findings emerged from our analyses and reflect partial support of our original hypotheses. First, the overall accuracy rate in our U.S. sample (61%) was very comparable to four previous studies examining concussion knowledge in geographically limited U.S. samples (Gouvier et al., 1988; Guilmette & Paglia, 2004; Hux et al. 2006; Willer et al., 1993) . Second, three counterintuitive findings demonstrated small but statistically significant differences in concussion knowledge such that individuals (a) who self-reported sustaining at least one previous concussion, (b) who reported receiving formal concussion training, and (c) who reported participating in collegiate, semi-professional, or professional athletic competition, all exhibited lower accuracy rates than participants who did not endorse these experiences. Finally, although accuracy rates on some items (i.e., 5, 8, 9, and 12) revealed increases in our sample relative to previous studies, a number of items (i.e., 2, 17, 19, 22, 24, and 30) were answered with very low accuracy rates (<40%), including several items pertaining to CTE and PCS. The most notable strength of the current study in comparison to similar prior investigations is the geographic and ethnic/ racial diversity of our sample (Table 1) , which allows us to generalize our findings to the U.S. population with greater precision. When previous investigators (Hux et al., 2006) engaged in comparisons with older data (e.g., from Gouvier et al., 1988 and Willer et al., 1993) , interpreting differences in misconception rates as reflecting evolving knowledge in the greater U.S. population, this inference was unwarranted, as differences in accuracy rates across these studies likely reflected differences in knowledge mediated by geographic region (i.e., a sample from Lincoln, Nebraska being compared to samples from western New York, southern Ontario, and southern Louisiana) at least as much as differences in knowledge related to the passing of time. Our study is the first to our knowledge to assess overall understanding of the constructs of concussion and TBI in a geographically and demographically diverse sample of U.S. respondents.
In contrast to our original predictions, individuals who self-reported sustaining at least one previous concussion, who reported receiving formal concussion training, and who reported participating in collegiate, semi-professional, or professional athletic competition, all performed worse (accuracies = 58%, 56%, and 54%, respectively) than the respective comparison group (accuracies = 62%, 62%, and 64%, respectively) on our survey, and although the group differences reflected small effects, the consistency of the trend across these three different comparisons is striking. With respect to enduring (a) previous concussion(s), we expected that mTBI-related feedback from health care professionals would increase the knowledgebase of this group of individuals. However, our findings are consistent with O'Jile et al. (1997) , who reported that the overall experience of sustaining a head injury does not increase TBI-related knowledge, and that, in fact, TBI survivors may be somewhat more likely to endorse certain misconceptions than individuals who had not sustained head injuries. It is possible that the health education provided to members of our sample was miscommunicated and/or misunderstood, causing the small increase in misconceptions in this group. Given the transitory nature of the cognitive effects of concussions (e.g., Belanger & Vanderploeg, 2005; Dikmen, Machamer, Winn, & Temkin, 1995; Iverson, 2005) , it is very unlikely that this collective group of individuals had neurocognitive inefficiencies due to sustaining brain injuries, thereby leading to worse performance on our survey, although the reverse could be true. That is, it is theoretically possible that, compared with more knowledgeable individuals, those with a poorer understanding regarding the effects of concussions are less likely to take precautionary measures (e.g., wearing a helmet when riding a bicycle), and therefore are more likely to sustain concussions. Although this is an intriguing notion, due to the design of our study, we were unable to directly test it in our sample.
It is even more surprising that participants who endorsed receiving formal concussion training performed more poorly than those who did not. This difference is unlikely to be adequately explained by pre-existing differences in concussion-based knowledge (i.e., it is improbable that those who pursued formalized concussion training had lower degrees of TBI-related knowledge than those who did not). Rather, it is possible that the training received by this collective group of individuals included varying degrees of misinformation, which eventually lead to the unexpectedly low accuracy rate in this group. Partially consistent with this notion, data from McLeod and colleagues (2007) highlight the presence of TBI-related misconceptions in a group of youth sports coaches, who ostensibly received significant exposure to a concussion protocol. Additionally, it is noteworthy that we did not operationalize "formalized concussion training," instead choosing to leave it open to individual interpretation, and, consequently, we cannot determine how our participants were internally defining this construct.
Finally, with regard to athletic participation, we expected the portion of our sample endorsing higher levels of competition to demonstrate greater degrees of TBI-related knowledge, given that it is likely that these individuals have been repeatedly exposed to education on this topic. Indeed, in a sample of 252 children aged 13-18 and 300 parents, approximately 84% of children and 85% of parents reported some degree of exposure to informative material regarding concussions (Bloodgood et al., 2013) . We anticipated that, if such a strong contingency of youth athletes were receiving information regarding sportrelated concussions, this knowledge would increase across time, with the progression towards more competitive athletic involvement. However, the unfortunate reality may be that the education received by collegiate, semi-professional, and professional athletes in our sample was miscommunicated and/or misinterpreted to some degree, leading to the misconceptions endorsed on our survey. Together with the previous two findings, this suggests that misconceptions may be perpetuated to a modest degree by inefficiencies in concussion education. We believe that our data argue for a possible restructuring of the health instruction processes for TBI patients, for health care trainees, and for athletes, with the goal of communicating the wealth of evidence surrounding TBI in a clear and understandable manner for individuals of varying levels of intellectual ability, education, and previous knowledge.
In addition to broad alterations to TBI-education processes, health care professionals such as clinical neuropsychologists should also consider using item-level data from the current study to focus educative efforts on areas of greatest need. For example, misconceptions pertaining to item 17 suggest that patients and their families may frequently expect a brain x-ray computed tomography (CT) scan to be ordered following mTBIs, when, in reality, neuroimaging is very rarely abnormal following mTBI (Jagoda et al., 2002) . Physicians may justifiably believe, in certain cases, that the harm from exposure to radiation secondary to a CT scan outweighs the benefit of a test with such a high rate of true negative results. This state of affairs can create clinical scenarios in which patients insist, predicated upon their misconceptions, that their physicians provide the "best care" in the form of unnecessary diagnostic tests such as brain CT scans, thereby placing the attending physician on the defensive and possibly straining the doctor-patient relationship. In addition to item 17, lack of education regarding the definition of PCS (item 22) and rampant misinformation pertaining to CTE (items 24 and 30) likely lead to such low accuracy rates on these items. PCS and CTE both have significant affects on large portions of the U.S. population, although for different reasons. With respect to PCS, some investigators have argued that preexisting health risk attitudes likely contribute greatly to the later development of non-specific symptomatology following a concussion (Broshek et al., 2015) and, similarly, we believe that knowledge, or lack thereof, pertaining to the true natural history of mTBI (McCrea, 2008) , likely has a significant effect on patients' expectations and attributions relating to their concussive symptoms. In comparison to PCS, CTE is much more well-known to the general public and the construct has seen a significant increase in media attention and research funding, especially following the tragic deaths of former National Football League players (Omalu et al., 2005 (Omalu et al., , 2006 Omalu, Hamilton, Kamboh, DeKosky, & Bailes, 2010) . It remains feasible that CTE misconceptions are at least partially driven by inconsistencies in the empirical literature, with some investigators arguing in support of the construct of CTE Mez et al., 2016) and others contending that this evidence is far from convincing McCrory et al., 2013; Randolph et al., 2013; Wortzel, Shura, & Brenner, 2013) . Given the current level of disagreement in the scientific community, it is inappropriate to expect members of the general public to have a firm grasp on the current state of the literature. However, we believe that it is realistic, and indeed warranted, for the health care community to prioritize improving communication of broad, general topics pertaining to PCS and CTE, both on a large scale, and on an individual, patient-by-patient basis.
Finally, in light of our participants' perceived current knowledge pertaining to concussion, we inquired as to their willingness to allow their (future) child(ren) to participate in several popular U.S. sports. American football, boxing/wrestling/martial arts, soccer, hockey, and lacrosse were selected due to the high frequency with which these sports are reported on in the current sport concussion literature. Of these, only soccer exhibited a healthy degree of support for child participation (73.2%). As expected, and possibly related to the recent media coverage pertaining to CTE, low proportions of participants endorsed child participation in football (50.3%) and boxing/wrestling/martial arts (32.6%). Surprisingly, however, both hockey (46.6%) and lacrosse (42.9%) received lower endorsement rates than football, despite being associated with fewer concussions (Hootman et al., 2007) . As these sports are less popular than football, especially in the case of lacrosse, it is possible that lack of familiarity rather than perceived concussion risk drove the low endorsement rates. In any case, these findings suggest notable reservations pertaining to future child participation in contact sports, likely related to fear of brain-related injury.
Results from the current study should be interpreted in light of several limitations. First, all of our data were collected via self-report survey instrumentation. The limitations of self-report have been well-documented (e.g., Dunning et al., 2004) and will not be reviewed here, but given that we utilized a performance-based data collection method for the majority of our protocol (i.e., 31 items from our survey were administered in a true/false format, with each item possessing an inherent correct response) we believe that we minimized the biases and misrepresentations that plague traditional self-report investigations. Second, because our survey was administered on an internet-based platform (i.e., mTurk), we were not able to observe and evaluate the level of participant distraction and overall engagement during survey completion. However, the use of survey software embedded within the MTurk platform has been shown to produce high quality empirical data (Buhrmester et al., 2011; Casler et al., 2013; Sprouse, 2011) , and, therefore, we believe that our results truly reflect the knowledgebase of our sample. Third, because we did not operationalize one of our background demographic questions (i.e., "Have you received any kind of formal concussion training?"), variability may have existed in our participants' interpretations of this question. However, given the vast number of possible routes to formal concussion training, we wished to avoid constraining our participants' endorsements of this item by providing exemplar categories that may not have included all feasible options. Fourth, we also did not operationalize "concussion" throughout our survey, and this may have promoted variability in participant responding. We elected to leave the term open to idiosyncratic interpretation in order to more accurately capture laypeople's inherent, subjective conceptualizations. Future research should consider operationalizing "concussion" for participants prior to their recruitment and participation. Fifth, although relatively comprehensive, our 31-item survey could not possibly capture all relevant TBI-related knowledge, and, consequently, some aspects of our sample's knowledgebase on this topic were unmeasured. Additionally, several survey items (e.g., 5, 9, 11, and 14) do not lend themselves to a strict true/false dichotomy, as there are a variety of contextual factors contributing to scenarios in which either response could be deemed correct. However, as these questions stemmed from the replicative portion of the current study, they were not altered to address the potential for more complex scenarios. Finally, the scope of our study was limited to a descriptive analysis of current TBI-related knowledge and we did not (a) manipulate any variables in order to determine causal relationships or (b) provide an educative intervention to increase the knowledgebase of our participants. We leave these important tasks to future investigators.
Overall, findings from the current study are primarily descriptive in nature but still provide an important benchmark pertaining to current TBI-related knowledge in the U.S. Future investigators should further this literature by assessing TBIrelated knowledge using novel and comprehensive methodologies such as qualitative research with open-ended questions, possibly tested during focus groups. Additionally, clinicians and administrators should aim to improve current educative practices, possibly using large seminars, workshops, and training programs, in order to supplement individual office feedbacks from physicians and clinical neuropsychologists. We believe that not only will increases in such knowledge lead to a more well-informed public, thereby improving patient decision-making abilities, but that it will also attenuate inaccurate expectations following mTBIs, possibly reducing the prevalence of PCS (Broshek et al., 2015) , and that it will begin to resolve significant misconceptions pertaining to CTE that affect sport participation, sociopolitical decision making, and other important endeavors.
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